TOWARDS THE SYNTHESIS OF ECTEINASCIDIN-743 AND DEVELOPMENT OF NEW METHODOLOGIES by REDDY, N. RAMA KRISHNA
PAGE  





Synopsis


SYNOPSIS
The thesis entitled “Towards the synthesis of Ecteinascidin-743 and development of new methodologies” has been divided into three chapters.

CHAPTER-I: This chapter deals with a brief review on the synthesis of tetrahydroisoquinoline skeleton containing bioactives.

CHAPTER-II: This chapter is further divided into two sections. 
Section-A: This section deals with the introduction, earlier synthetic approaches and synthesis of three building blocks potentially useful in Ecteinascidin analogs.

Screening of natural product sources for new drug candidates with useful therapeutic margins has led to a variety of novel structures.  One of the most fascinating and naturally promising is Ecteinascidin-743.  Ecteinascidin-743 (ET-743) is a marine tetrahydroisoquinoline natural product isolated from Ecteinascidia turbinata by Rinehart et al., in 1990, which has been demonstrated to be a highly promising, exceedingly potent anti tumor agent currently in phase II/III clinical trials.  The novel structure of ET-743 combined with the meager availability from the natural sources and unique mechanism of action of this drug has made this substance a very attractive and important synthetic target.







Some elegant synthetic approaches for the synthesis of ET-743 are disclosed in literature.  As part of a programme towards the synthesis of ET-743, we choose to adopt a convergent strategy and identified three building blocks (Scheme 1).  The synthesis of these building blocks is described in this section.
Retro synthetic analysis:



















Synthesis of building block A:
The synthesis of building block A started from commercially available piperonal 2.  The Baeyer-Villiger oxidation of piperonal 2 using m-chloroperoxybenzoic acid followed by base hydrolysis gave the phenol 3, which was protected as its MOM ether 4 using diisopropylethylamine and methoxymethyl chloride.  Selective mono methylation of compound 4 was carried out at –78 oC using nBuLi, tetramethylethylenediamine followed by methyl iodide gave the compound 5.  The MOM ether group in 5 was converted to methyl ether 6 by two-step sequence viz., deprotection of MOM group of the compound 5 using con. HCl in refluxing ethanol followed by methylation using K2CO3 and methyl iodide in acetone.  The Vilsmeier-Haack formylation of compound 6 using POCl3/dimethylformamide gave the aldehyde 7.  Two-carbon homologation of aldehyde 7 using ethoxycarbonylmethylene triphenylphosphine in benzene at room temperature gave the unsaturated ester 8.  Sharpless asymmetric dihydroxylation of unsaturated ester 8 using AD mix α in tBuOH:H2O (1:1) gave the diol 9 with 97% ee (Scheme 2).















The aim of selective α-tosylation of diol 9 was achieved with tosyl chloride and triethyl amine in CH2Cl2 to yield the monotosylated compound 10.  α-Azido ester 11 was synthesized from mono tosylated compound 10 using sodium azide in N,N-dimethylformamide at 65 oC.  N-Boc protected amino diol 12 was obtained from α-azido ester 11 by two step sequence, lithium aluminum hydride reduction of α-azido ester 11 followed by in situ Boc protection using (Boc)2O to give the Boc protected amino diol 12.  Selective 1,3-acetonide protection of compound 12 using 2,2-dimethoxypropane, camphor sulfonic acid in acetone gave the building block A (Scheme 3).  













Synthesis of building block B:

Building block B was synthesized from 2-methyl anisole 13.  Vilsmeier-Haack formylation of 2-methyl anisole 13 using POCl3/DMF gave the aldehyde 14.  Bromination of aldehyde 14 using N-bromosuccinamide in acetonitryle at room temperature for 24 h gave the bromo compound 15.   Ethylene glycol protection of bromo compound 15 with ethylene glycol and cat. PTSA afforded the compound 16.  This was converted to TBS ether 17 by three step sequence, conversion of bromo to -OH using nBuLi, trimethyl borate and 4-methyl morpholine N-oxide in tetrahydrofuran under refluxing conditions, cleavage of ethylene glycol protection which followed protection of phenol as its TBS ether 17 using tert-butyldimethylsilyl chloride and imidazole in CH2Cl2.  The two-carbon homologation of compound 17 was carried out by Wittig olefination protocol using ethoxycarbonylmethylene triphenylphosphene in benzene to give the unsaturated ester 18.  The Sharpless asymmetric dihydroxylation of unsaturated ester 18 using AD mix α furnished the diol 19 in high enantiomeric purity [98 % ee] (Scheme 4). 






 









To get the β-azido functionality, diol 19 was converted as its cyclic sulfite 20 using SOCl2 and TEA followed by opening of this cyclic sulfite 20 using NaN3 in DMF gave the building block B (Scheme 5). This building block not only is a key intermediate for the synthesis of Ecteinascidin analogs but also for the synthesis of substituted α-hydroxy-β-phenyl alanines.







Synthesis of building block C:
Synthesis of building block C started from inexpensive and readily available veratraldehyde 21.  Selective bromination of veratraldehyde 21 using Br2 in MeOH at < 40 oC temperature gave the bromo compound 22.  To get the phenol in the final fragment, the 5-methoxy group was selectively deprotected in the compound 22, which was carried out using H2SO4 at 90 oC to give the phenol 23.  Phenol 23 was protected as it’s benyzl ether using K2CO3 and benzyl bromide in acetone under refluxing conditions to yield the aldehyde 24.  Next step was nitro-aldol condensation of aldehyde 24 with nitro methane and ammonium acetate in acetic acid to afford the unsaturated nitro compound 25.  Conversion of unsaturated nitro compound 25 to saturated nitro compound 26 was achieved with sodiumborohydride in EtOH at 0 oC.  Lithium aluminum hydride reduction of nitro compound 26 gave the amine, which was in situ protected with (Boc)2O to yield the compound 27 (Scheme 6). 








 The palladium catalyzed Heck reaction of compound 27 with ethyl acrylate in poly ethylene glycol (PEG) gave the unsaturated ester 28.  The compound 28 was subjected to aza-Michael reaction after –Boc deprotection followed with reprotection with  (Boc)2O to yield tetrahydroisoquinoline 29. Reduction of ester group to primary alcohol 30 followed by TBS protection and carboxylation yielded building block C (Scheme 7).











CHAPTER II:
Section-B:  This section describes AlCl3 mediated highly efficient synthesis of 3,4-disubstituted tetrahydroisoquinolines from N,N-dibenzyl aminols.
Enantiomerically pure tetrahydroisoquinolines substituted at C-3 and/or C-4 are of considerable interest due to their biological activity and as constituents of many natural products and drugs.  Due to various biological activities displayed by substituted 1,2,3,4 tetrahydroisoquinolines this class of compounds have received enormous interest by synthetic chemists. 
Except serine series, dibenzyl aminols were prepared by esterification of amino acid using AcCl/MeOH under refluxing conditions, followed by dibenzylation using NaHCO3/BnBr in DMSO:THF followed by LAH reduction gives the amino alcohol.  One pot Swern oxidation, Grignard reaction gave the N,N-dibenzyl aminols (Scheme 8).







 
For serine series, esterification, dibenzylation, protection of hydroxy group as TBS ether using TBSCl and imidazole, reduction of ester using LiBH4 and one pot Swern oxidation followed by Grinard reaction gave the N,N-dibenzyl aminols (Scheme 9). 






AlCl3 mediated efficient and practical synthesis of 3, 4-disubstituted-tetrahydroisoquinolines from N,N-dibenzyl aminols is described and trans stereochemistry of tetrahydroisoquinolines was confirmed by nOe experiments (Scheme 10). All the examples studied were presented in the table 1.





	


















































CHAPTER III:
This chapter describes proline catalyzed asymmetric aldol and asymmetric transfer aldol reactions.
The aldol reaction is widely regarded to be one of the most important carbon-carbon bond forming reactions utilized in organic synthesis.  The asymmetric aldol reaction is one of the most efficient processes for the synthesis of optically active β-hydroxy carbonyl compounds.  There is a broad range of effective approaches leading to stereo selective aldol reactions.  The most promising of them especially from an industrial point of view deals with the usage of small organic molecules.  Proline is non-toxic readily available, inexpensive and easy recoverable organic molecule, which was used for these transformations.
Aldol reaction in PEG:






This chapter describes the proline catalyzed asymmetric aldol reaction in poly ethylene glycol (Scheme 11).  Poly ethylene glycol was used as a reusable and recyclable reaction medium for this transformation. The asymmetric aldol reaction of acetone with various aldehydes was studied.  The results are presented in the table 3.  Recycling efficiency was proved until tenth run without loss of catalyst activity (Table 2).

























Transfer aldol reaction
Nucleophilic-transfer reactions possess great potential for organic transformations.  Examples include Meervin-Pondorf-Verly reduction, alkynyl transfer, allyl transfer and cyanide transfer reactions. 







 The first asymmetric transfer aldol reaction catalyzed by proline is reported in this part of the thesis (scheme 12).  Transfer aldol reaction of diacetone alcohol with various aldehydes was studied.  All the examples studied are shown in table 4. In this transformation aldol-Tischenko product was never isolated, which is superior over existing protocols.
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